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Growth of Loblolly Pine Treated
With Hexazinone, Sulfometuron

Methyl, and Metsulfuron Methyl
For Herbaceous Weed Control

J. L. Michael

ABSTRACT. Aerial application of 0.25 pounds active ingre-
dient per acre of sulfometuron methyl [Oust(TM), formerly
DPX-5648] or 2.0 pounds of hexaunone [Velpar L (TM)]
postemergent in May 1982, resulted in good weed eontrol.
Weeds contralled on the silty clay coastal plam soil included
pokeweed (Phytolacca americana L.), ragweed (Ambrosia
sp.), goldenrod {Solidago sp.), and evening frimyose (Oen-
othera sp.). Growth of 1-year-old loblolly pine (Pinus taeda
L.) seedlings released with sulfometuron methyl or hexazinone
was significantly improved in comparison o untreated seed-
lings. No significant pine mortality was associated with either
treatment. On similar sites where blackberry {Rubus sp.), ho-
neysuckle (Lonicera japonica Thunberg), and herbaceous
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weeds are the major problem, application of sulfometuron methyl
from pre-emergence to the postemergent stage (when weeds are
up to 12 to 18 inches in height} is recommended. Hexazinone
is recommended as a postemergent treatment for herbaceous weed
control. Treatment with metsulfuron methyl {formerly DPX-
T6376-21) did not result in any growth responses significantly
greater than untreated seedlings. Impacts of deer browsing on
seedlings resulted in a slight height reduction the first and second
growing seasons following planting but by the end of the third
growing season browsed seedlings had made up the difference.
No diameter differences weve associated with deer browsing af
any fime during the study.
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Ore aspect of intensive southern pine manage-
ment receiving much attention is herbaceous weed
contrel in very young plantations. While some
herbicides are available for this operation, no
panaceas exist. Much research must be conducted
to determine where and when herbicidal control
of herbaceous weeds is most beneficial. Hexazi-
none, atrazine, and simazine have been reported
beneficial in release of loblolly pine from herba-
ceous competition under some conditions, but
results are variable (Fitzgerald 1976, Holt et al.
1975, Nelson et al. 1981). At least some of the
variability reported is due to the lack of develop-
ment of weed cover on untreated check plots in
test sites. Lack of development of weed cover on
untreated check plots leads to the erroneous con-
clusion that no growth benefit accrues from her-
bicide application on the treated plots. Additional
variability may be due to the limited range of
species affected by the herbicides used and to the
use of an application rate too low to effect adequate
weed control. Additional testing of herbicides for
herbaceous weed control must be conducted to
identify herbicides with wide ranges of species
activity that can be applied pre- and/or postemer-
gent with no adverse effects on young pine seed-
lings.

Browsing of planted pine by deer is often ob-
served in very young plantations where deer pop-
ulations are high. A primary concern in these very
young plantations is whether the reduction in
torage resulting from herbicide use will result in
increased browsing on pine and whether the
browsing results in lasting impacts on pine growth.

This paper reports the results of a test of hex-
azinone, sulfometuron methyl, and metsulfuron
methyl at several rates postemergent over the top
of I-year-old loblolly pine seedlings. Tests concen-
trated on determining the optimum rate and chem-
ical effectiveness on sites dominated by pokeweed,
ragweed, goldenrod, and evening primrose. In
addition, impacts of deer browsing on pine growth
were measured.

METHODS

The study site is located in the southern tip of
Clarendon County in South Carolina. The silty
clay soils of the area belong to the Tawcaw Series
and are members of the fine, kaolinitic thermic
family of Fluvaquentic Dystrochrepts. They are
characterized by slow permeability and slow runoff
with high available water capacity and 5 to 7%
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organic matter. Analysis of the top 6 in. of disked
beds revealed an average of 16% sand, 42% silt,
and 42% clay, and a pH of 5.0. The average
phosphorus content of the top 6 in. of soil on this
site is very low (2 ppm), while potassium is low (48
ppm) and magnesium is high (200 ppm).

This Coastal Plain river bottom is typical of
many very high site index lands in the South.
Located approximately 3 miles below the Lake
Marion Dain, the site 1s flooded with 1 to 5 ft. of
water several times a year when the dam flood
gates are opened to relieve high water pressure.
Flooding normally takes place between the middle
of December and the end of March each year, and
each inundation may last from one to several
weeks.

Following clearcutting in 1979-80, the site was
disked and bedded in 1980. In April 1981, it was
planted with 8-week-old containerized loblolly pine
seediings obtained from the Georgia-Pacific nurs-
ery located near Savannah, Georgia. Between
planting and study installation approximately 20%
seedling mortality occurred.

Herbaceous competition rapidly colonized the
area following site preparation, and two dominant
vegetation types emerged. One vegetation type
was dominated by pokeweed, which grew to
heights in excess of 6 ft. The pokeweed was very
dense, averaging 7,500 stems/acre. Associated with
the pokeweed were blackberry and cane (Arundi-
naria sp.). The second vegetation type found in
the area in late 1981 was dominated by a nearly
uniform mixture of goldenrod, ragweed, and eve-
ning primrose. Species in the goldenrod type grew
talier than 6 ft. at an average density of 95,800
stems/acre (Figure 1).

The study, a randomized complete block design
with four replications, was blocked on each of the
two major herbaceous weed types. Nine treatments
(Table 1) were applied to the 36 plots 300 x 50
ft. in size used in the study. Effective end-to-end
butfer zones among plots were 200 ft. long and
side-by-side buffer zones were 60-ft. wide.

In each plot all loblolly pine seedlings (approx-
imately 38) in the two center rows and central 150
ft. were permanently numbered and marked with
aluminum tags. Ground-line diameter (g.l.d., di-
ameter 4 in. above the ground) and height (ht.)
were recorded in March 1982, At the same time,
presence of deer browse damage was recorded for
each measurement pine in each plot. Pine ht. and
g.l.d. were also recorded in November 1982, and
January 1984,

The severity of herbaceous weed competition
was estimated 1n a circular plot with a radius of 3
ft. around each sample pine. The degree of com-
petition was categorized for each pine according
to the scale:
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Free to grow: Pine well above the competition

Shaded: Pine top easily identified as being just
above or at the same height as the competition

Severely shaded: Pine top below level of surround-
ing competition

Bare ground: Little or no identifiable competition

Competition was recorded along with the three
maost abundant weed species in the circle during
the week of 12 May 1982 for pretreatment mea-
surements and during the week of 2 August 1982
for post-treatment measurements. '

Treaiments were applied on 12 May 1982 by a
helicopter equipped with raindrop nozzles. All
herbicides were mixed in water to make 20 gallons
of spray mixture per acre. Surfactant was not
added to the mixture.

Growth and survival data were averaged for
each plot and then analyzed by analysis of variance
at the 0.05 probability level. Significant ANOVA
results were further analyzed with Duncan's mul-
tiple range test.

Figure 1. Very severe competition, principally goldenred,
surrounds loblolty pine seedling 26 months after planting
on a disked and bedded site in South Caroling,
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Table 1. Summary of [oblolly pine diameter
growth response to herbicide release treatments
applied in South Carolina in May 1982.

Treatment Ground line diameter’
When measured {(mo/yr)
3/82 11/82 1/84°
Chemical Rate PxF=.2122 =.0636 =.0359
Lbailac .l Inches ...
Metsulfuron 0.125 0.19 0.65  1.36 abc
methyl
Metsulfuron 0.25 0.20 0.70  1.29 he
methyl
Metsulfuron 0.50 0.21 0.81 1.56 ab
methyl
Sulfometuron 0.125 0.19 0.74  1.48 abc
methyl
Sulfometuron 0.25 0.22 0.86 1.68 a
methyl
Sulfometuron 0.50 0.18 0.68 1.48 abc
methyl
Hexazinone 1.0 0.18 0.71 1.47 abc
Hexazinone 2.0 0.20 0.82 T1.68 a
Untreated 0.0 0.21 0.53 114 ¢
check

! Diameter .3 ft. above the ground.
* Means followed by the same letier are not different at the p = 0.05
level by Duncan’s multiple range test.

RESULTS AND DISCUSSION

Herbaceous weeds were controlled to some ex-
tent by all treatments (Figure 2}. Metsulturon
methyl at 0.125 and .25 Ib ai/a provided the least
weed control. At the timne of treatment, 49% of all
pines were free to grow, 31% were shaded, and
20% were severely shaded. By August, the May
treatments collectively had left 60% of alt pines in
the frec-to-grow category, 22% shaded, and 18%
severely shaded. At the same time on the untreated
check plots, pines in the free-to-grow category had
decreased to 25%, 21% were shaded, and 54%
were severely shaded. Thus, in the period May to
August 1982 the number of severely shaded pines
nearly tripled on the untreated check plots while
remaining the same or decreasing on the treated
plots. Sulfometuron methyl at 0.25 Ib ai/a was the
best trearment with a net decrease of 56% of
seedlings in the severely shaded category and an
increase of 41% in seedlings in the free-to-grow
category. Hexazinone treatment did not result in
large net changes in the distribution of pines
among the three shading categories but did main-
tain the status quo. Therefore, during the growing
season when hexazinone plots were not changing
from pretreatment conditions, untreated check
plots were being overgrown. Most of the compe-
tition on the site was perennial herbaceous species
and a smaller portion was woody vines. The per-
ennial herbaceous species had grown to a height
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Figure 2. Typical condition of loblolly pine seedlings 13 months after velease with 0.25 b aila of sulfometuron
methyl or 2 lb aila of hexazinone in South Carolina. Seedling age is 26 months, as m Figure 1.

of 12 to 18 in. by 12 May. Allowed to continue
growing, these species attain heights ot 5 to 8 ft.
by June—July. Sulfometuron methyl controlled
much of the herbaceous competition as well as
some of the woody vines, Le., honeysuckle and
blackberry. Hexazinone also controlled the per-
ennial herbaceous species which would have ov-
ergrown the young pine seedlings, but was not as
effective as sulfometuron methyl on honeysuckle
and blackberry. This difference in activity is why
sulfometuron methyl treatment resulted in a net
~change in the distribution of pines among the
three shading categories while hexazinone did not.
Metsulfuron methyl treatment appeared to control
competition in the same way as hexazinone treat-
ment except at the lowest rate, ie., herbaceous
weeds were controlled but not woody vines. It s
wow known that addition of a surfactant increases
the efficacy of metsulfuron methyl. Because sur-
factant was not added in this study, different
results may be expected in future tests with met-
sulfuron methyl plus surfactant.

Pine survival was assessed in November 1982,
There were no significant differences in survival
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among the various levels of treatment, which
ranged from 97 to 100% during the course of this
study. Seedling mortality is slowly increasing on
the untreated sites.

Growth of some treated pines was affected by
herbicide damage. Terminal buds and needles
were damaged by metsulfuron methyl at rates
greater than 0.125 lb a/a. Herbicide effects on
pine seedlings similar to those observed on met-
sulfuron methyl treated plints occurred on sul-
fometuron methyl treated seedlings at 0.5 1b
ai/a. These two related compounds belong to a
new group of herbicidally active chemicals and are
of considerable interest in forestry, because pines
appear tolerant at rates which are active on some
weed species. Hexazinone neither killed nor damn-
aged signmificant numbers of pine seedlings in this
study even at 2 lb aifa. Hexazinone activity is
negatively correlated with soil organic matter. The
high level of organic matter in this soil (5 1o 7%)
probably accounts for the low pine toxicity at the
high rate.

Pine growth was measured for two growing
seasons following application. No statistically sig-
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nificant seedling differences in g.l.d. or ht. existed
among plots prior to treatment but very significant
differences in g.1.d. did develop among the treated
seedlings by January 1984 (Table 1). Seedlings
treated with sulformmeturon methyl at 0.25 lb ai/a
and hexazinone at 2 Ib ai/a had the largest average
g.ld. Seedlings treated with 0.5 1b ai/a of metsul-
furon methyl were also significantly larger in g.1.d.
than the control seedlings. By November 1982,
seedlings treated with 0.25 lb ai/a of sulfometuron
methyl were 6 in. taller than those untreated; and
by January 1984, the difference had increased to
1.2 ft., 20% taller than the untreated. These dif-
ferences were not significant at the 0.05 level;
however, the trend in growth rate suggests statis-
tically significant height differences may occur in
the future. Table 2 summarizes the change in
height and diameter for the first and second
growing seasons following treatment. The proba-
bility of a greater F statistic (P > F) for the height
analysis of variance changed from 0.6906 at the
end of the first growing season to 0.1257 at the
end of the second growing season following treat-
ment. The largest average height change measured
in the 1983 growing season (sulfometuron methyl
at 0.25 Ib aifa) was 39% greater than that of
the control. The lack of significant height differ-
ences following release treatments is not unusual.
Observations of other young plantations indicate
that released pines typically respond first by cap-

Table 2. Change in loblolly pine height and
ground line diameter (g.l.d.) in response to
herbicide release treatments applied in South
Carolina in May 1982,

Change in height in
Treatment year

Change in
g.l.d. in year

1982 1983 1982" 1983

Chemical Rate P>F=.6906 .1257 0247 0224
Lh aifac ... Feet i e inches......
Metsulfuron  0.125 1.96 321 047 ab 0.70 ab
methyl
Metsulfuron  0.25 2.07 3.29 050ab 058b
methyl
Metsulfuron  0.50 2.05 352 0.60a 0.74ab
methyl
Sulfometuron (.125 2.04 352 054a 0.75ab
methyl
Sulfometuron (.25 2.40 3.84 064a 0.81a
methyl
Sulfometuron (.50 2.01 3.67 0.50ab 0.80 a
methyl
Hexazinone 1.0 2.23 3.78 052a 0.76ab
Hexazinone 2.0 2.26 368 062a 087a
Untreated 0.0 1.96 276 032b 061b
check

" Means followed by the same letter are not different at the p = 0.05
level by Duncan’'s multiple range test.
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Table 3. Percent of loblolly pine which attained
breast height (bh, 4.5 ft.) and average dbh at the
end of the second year following release from
herbaceous weed competition with herbicides
applied in South Carolina in May 1982.

Treatment Pine with bh  Average dbh
1/84 1/84
Chemical Rate P>F = .7524 =.2227
Lb aila Percent inches
Metsulfuron 0.125 78 0.57
methyl
Metsulfuron 0.25 80 0.58
methyl
Metsulfuron 0.50 80 0.66
methyl
Sulfometuron 0.125 82 0.66
methyl ’
Sulfometuron 0.25 92 0.94
methyl
Sulfometuron 0.50 81 0.64
methyi
Hexazinone 1.0 80 0.71
Hexazinone 2.0 86 0.76
Untreated check 0.0 74 0.52

A

Figure 3. Extveme case of deer browse left this loblolly
pene seedling and many others without a terminal bud 11
months after planting on a disked and bedded site in South
Carolina.
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turing the newly available lateral growing space.
Increases in height growth follow in later years.

All treatments except 0.125 and 0.25 lb ai/a of
metsulfuron methyl and 0.5 1b ai/a sulfometuron
methyl resulted in diameter growth rates signifi-
cantly greater than the untreated for the first
growing season following application. By the end
of the second growing season only hexazinone at
2 Ib ai/a and sulfometuron methyl at 0.25 and 0.5
Ib ai/acre had significantly faster diameter growth
rates than untreated check seedlings (Table 3).

Treatment with 0.25 b ai/a of sulfometuron
methyl resulted in the most uniform stand. Of the
pines in this treatment 92% attained breast height
two growing seasons after treatment and the av-
erage diameter at breast height (dbh) of these
seedlings was 0.94 in., 80% larger than seedlings
in the untreated check plots.

Browsing of pine seedlings by deer was extensive
in the winter following planting and prior to
herbicide application (Figure 3). In March 1982,
42% of all surviving seedlings had been browsed.
Seedling growth was affected by deer browsing
during the 2 years following planting. By the third
year there was no significant difference in seedling
height (Table 4) between browsed and not browsed
seedlings. All seedlings were observed in June
1983, and no deer browse was evident on the
needles, indicating that deer browse did not in-
crease following weed contro] measures in 1982.
It cannot be determined from this study whether
herbaceous weed control immediately following
planting would affect the frequency or severity of
deer browsing. However, it is clear that browsed
seedlings recovered in 2 years and that browsing
did not affect seedling diameter. During the period
of this study, browsing did not affect loblolly pine
survival. Prior to study installation there was ap-
proximately 20% pine mortality on the site, part
of which may have been due to deer browsing
activity.

Table 4. Impacts of deer browsing on loblolly pine
height (ht.) and ground-line diameter (g.l.d.) in
South Carolina

Date measured (mo/yr)

3827 11/82 1/84

Treatment Ht. gld. Ht. gld. Ht gld
P> F = 02857 .2632 .0086% .6338 .1836 .8093

Deer browsed 0.94a 020 292a 071 641 145
Not browsed 1.01b 019 321b 073 669 1.46

! Pretreatment measurement, ht. is in feet g.l.d. is in inches.
2 Means followed by the same letter are not different at the p = 0.05
level by Duncan’s multiple range test.
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CONCLUSION

Herbaceous weed control can increase growth
of young planted loblolly pine on high site index
lands following single applications at etfective
rates. In this study 0.25 Ib ai/a of sulfometuron
methyl resulted in the greatest height and diameter
growth responses and in the most uniform stands
of trees. Application rates of 0.25 lb ai/a are
recommended as postemergent treatments where
pokeweed, goldenrod, evening primrose, and rag-
weed are severe competitors. Treatment with sul-
fometuron methyl when these weeds are signifi-
cantly taller than 12 to 18 in. Is not advised. Because
earlier applications will result in earlier reduction
in levels of competition, they may result in greater
pine growth than reported in this paper. Where
honeysuckle and blackberry are problems, sulfome-
turon methyl is also beneficial. This trearment is
not recomnmended where a large number of woody
sprouts are anticipated.

A related herbicide, metsulfuron methyl, was
applied without surfactant and did not result in
growth responses significantly greater than ob-
served on untreated check plots. Future trials with
metsulfuron methyl should include surfactant in
the mixture. Foliar application rates greater than
0.25 lb ai/a are not advised because of observed
pine damage. In this test, pine damage at the 0.5
Ib rate may have accounted for the lack of a
significant growth response.

Hexazinene treatment at the 2 1b rate resulted
in growth rates nearly identical to those of the
0.25 b sulfometuron methyl treatments and is
recommended for similar sites where soil organic
matter is high. Hexazinone has the added benefit
of reducing the number of woody stems but was
not as effective as sulfometuron methyl on this site
in the control of honeysuckle. The foliar applica-
tion of hexazinone at high rates must be conducted
advisedly because of the pine toxicity potential and
must be done only on soils with high organic
matter content, considerable clay content, and high
cation exchange capacities.

Herbicidal control of weeds did not aggravate
the deer browsing already observed on the site.
Browsing was rampant during the first year fol-
lowing planting but little additional browsing oc-
curred during the following two growing seasons.
By the end of the third growing season there was
no significant growth impact resulting from deer
browsing.
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Decay Following Thinning of
Sweetgum Sprout Clumps:

26-Year Results

F. 1. McCracken

ABSTRACT. Butt rol in living sweetgum (Liquidambar styr-
aciflua) stems was observed 15 and 26 years after the com-
panion living stems were cul in a 55-year-old stand of sprout
origin near Tallulah, Louisiana. Living stems had insignificant
or no decay 15 years after thenning. Twenty-six years after thin-
ning, an extensive amount of decay had developed in all living
stems originating from cut stubs that had split longitudinally
down the side during thinning. However, the amount of decay
was insignificant or absent when clean cuts had been made
whick resulted in groum-over stubs that contained water, decay,
and anaerobic bacteria, Split stubs did not retain water, and
decay had spread into the living stems. Decay risk associated
with thinning sprouwl clumps can apparently be eliminated by
underculting and taking care to prevent splitting duving felling.

Many second-growth stands of sweetgum are of
sprout origin and are characterized by the presence
of many twin trees or clumps having more than
two stems. When these stands are thinned for
pulpwood, it is a common practice to thin the
sprout clumps to one stem. The open scar creates
a risk of decay in the remaining stems.

Roth and Hepting (1943b) reported that thin-
ning of oak sprout clumps initiated decay in about
21% of the trees through wounds associated with
thinning. Wounds 4 in. in diameter and larger
remained open for at least 5 years, and sprouts of
low origin had the least decay hazard. Decay
hazard rose rapidly when oak sprouts greater than
3 in. in diameter were removed (Roth 1956). Toole
(1960) reported that there was no rot in attached
residual sweetgum stems 3 years after the surplus
companion sprouts were removed. From the same
study, Toole (1965) reported that half of the
residual trees had decay from the attached cut
stubs of removed stems after 10 years. The volume
of decay averaged less than 1%, and he concluded
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that there is little rot hazard to the remaining
stems for a decade after thinning. Observations
made in the same study area 15 and 26 years after
thinning are included in this paper.

MATERIALS AND METHODS

In April 1955, a 55-year-old sweetgum stand of
sprout origin on the Tensas River in Madison
Parish, Louisiana, was thinned for pulpwood. Be-
fore thinning, the stand had a basal area of 120
sq. ft. per acre. The average dbh was 10 in. About
10% of the basal area in the stand was composed
of other hardwood species. The soil was Sharkey
Clay. Site index for sweetgum was estimated at 83
ft. in 50 years (Broadfoot and Krinard 1959). The
trees had originated as sprouts at groundline, and
two or more stems were fused for 9-70 in. above
ground. These appeared as single stems with a
low fork. The cumps were thinned to a single
stem, which is common practice. The smallest,
suppressed, or undesirable stem was felled by
chain-sawing outward from between stems. Un-
dercuts were not made. Consequently, some bark
and wood split from the side of some stubs when
the stems fell. The height of the stub above the
crotch varied 1 to 21 in. A total of 189 sprout
clumps having one living stem were selected for
observation in 1955. However, thinning, destruc-
tive sampling, and other causes had reduced that
number. Observations on the decay of stubs and
presence of fungi were made on 98 sprout clumps
in 1970 and on 86 in 1981 when the stand was
logged. The live stem and base ot 12 sprout clumps
were dissected 15 and 26 years after thinning.

Wood chips about 0.1 in.? in size were removed
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